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We study the corrections of rst order electromagnetic excitation due
to higher order electromagnetic interactions. An eective operator is intro-
duced which takes these eects into account in the sudden approximation.
Evaluating the matrix-elements of this operator between the relevant states
corrections to the rst order result are obtained in a simple way. As an
example we discuss the excitation of the rst excited state in
11
Be. It tends
to improve the agreement between experiment and theory.
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Electromagnetic Excitation in the energy domain of several tens of MeV/u up
to relativistic energies is a growing eld of study. The cross-section can become
large and irreducible nuclear eects can be kept under control. With increasing
beam energy the equivalent photon spectrum becomes harder, and also particle-








N + p, which is also astrophysically relevant, are examples [1]. Recently,
bound states were also excited and their (Doppler shifted) de-excitation -rays
were measured. A large deformation of the neutron-rich nucleus
32
Mg was re-




885 keV transition to the





















) Coulomb excitation was found to be noticeably less than
expected from the known lifetime and 1
st
order pure Coulomb excitation [3].
Apart from possible nuclear and Coulomb-nuclear interference eects, a possible
reason for this discrepancy is the inuence of higher order electromagnetic inter-
action. It is the purpose of this letter to describe a framework suitable for fast
projectiles. E.g. the rather loosely bound
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easily be excited electromagnetically into the continuum in a second step [4].
















The excitation energy is given by h!, the impact parameter in a straight-line




, where v is the projectile
velocity. The target charge number is denoted by Z, and M(E) the electric
multipole operator.
In Coulomb excitation below the barrier, multiple electromagnetic excitation
is usually treated in a coupled channels approach using the relevant states from
appropriate nuclear models, like the harmonic vibrator or rigid rotor. For a review
see Ref. [5]. The situation for Coulomb excitation above the barrier becomes
simpler, because the excitations tend to be sudden. While h! is restricted to a
few MeV, the adiabaticity parameter  is typically less than 1, for the important








are the nuclear radii
of projectile and target. Thus fast collisions become the domain of the sudden
approximation [5], or of a recently developed low- approximation [6, 7]. In this
case it can be advantageous to construct operators which take into account the
inuence of intermediate states.
For simplicity, let us use the straight-line approximation and the dipole ap-










































where the projectile moves in the z-direction and the impact parameter points to






























are the modied Bessel functions. For  ! 0











In the limit  << 1, the excitation amplitude can be evaluated easily to all orders




(E1) = hf je
 i~q(0)~r
jii: (7)
This could be generalized to higher multipolarities and trajectories corrected for
Coulomb deection. By comparing a
(1)
fi




of multiple electromagnetic excitation can be assessed. This is a remarkably
simple procedure, all intermediate states are included. The reduction of the





























Be + n, we use simple model wave
functions to reveal the characteristic parameters. We choose two models, with the
correct asymptotic behaviour. Their dierences give a feeling about the model
dependence. For the wave-functions we make the ansatz for the radial part in


























































110 fs and 97 fs, respectively. They are smaller than the experimental value of
(166  15) fs [8]. Despite this dierence, the ratio of higher order to rst order
eects can be given with some condence, whereas the absolute value depends on
more sophisticated details of the nuclear model (see, e.g., Ref. [8]). The reduction









































The parameter z is directly related to 
(E1)
fi
(Eq. 2). It describes the ratio of the
strength of the Coulomb push q and the \looseliness" of the system, and is a
measure of the importance of higher order eects. The quantity r is plotted in
Fig. 1 for the two model wave-functions described above.
For large b the sudden approximation fails, on the other hand, higher order
eects diminish due to the decrease of the strength parameter . In a convenient















which should be an accurate expression for all values of b in the integrand. We














If the sudden approximation is not well enough fullled, one could use the low-




Be Coulomb excitation a reduction of the cross section from (490
50) mb (expected from the rst order calculation) to the measured (19126) mb
was recently found in an experiment at GANIL [3]. Indeed, the parameter z can
7
become substantial in this case, and higher order eects are not negligible. For a
collision with b  15 fm and v=c = 0:3 we have z = 0:41 and from Fig. 1 we see
a substantial reduction of the excitation probability. The apparent reduction of







which is plotted in Fig. 2 as a function of the projectile velocity v for the twomodel
wave functions described above and a minimum impact parameter b
min
= 10 fm.
We obtain a reduction, depending on the particular model chosen, of 6:2% or
11:3% for v=c = 0:3.
In the dipole approximation, the lowest order correction was of 3
rd
order.
E1-E2 excitation contributes already in second order. Nevertheless, it is smaller
than the third order E1-E1-E1 correction. For low  we can estimate the ratio of

















for Z = 82, v=c = 0:25, Z
(2)
eff
= 4=121, and Z
(1)
eff
= 4=11. Thus the dipole
approximation is reasonable, at least for a rst exploration.
Possible higher order eects in the
32
Mg intermediate energy Coulomb Ex-
citation [2] can also be estimated. Assuming a rigid rotor model, high energy
Coulomb excitation was calculated in the sudden approximation in Ref. [9]. The
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Using the B(E2)-value found in Ref. [2] we have (see eq. 6 of Ref. [9], where a














C  0:67 (21)
with v=c = 0:25 and b = 10 fm. From Fig. 1a of Ref. [9] it can be seen that higher
order eects are negligible for the value of the strength parameter C.
In conclusion, we provide a framework to apply corrections to 1
st
order elec-
tromagnetic excitation. It is appropriate for fast collisions. We constructed
operators which take the inuence of intermediate states into account. This can
lead to a great simplication as compared e.g. to the coupled channels approach.
In this approach, a set of states, considered to be relevant, has to be chosen with
known electromagnetic matrix-elements. In the present approach, of course, the
model dependence cannot be altogether avoided; it enters when the corresponding
matrix-elements of the operator has to be calculated, or at least estimated.







tance of higher order eects for this case of an extremely loosely bound nucleus
was established. However, for a nal analysis, more accurate calculations, includ-
ing E2 and nuclear eects, should be performed.
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Figure Captions
Figure 1: Reduction factor r for the excitation probability as a function of the
characteristic parameter z dened in Eq. 14 for the two model wave functions (I:
|{, II: - - -).










Be as a function of the projectile
velocity v for the two model wave functions (I: |{, II: - - -).
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